by spectroscopic tools along with a detailed structural analysis carried out using single crystal X-ray crystallography. In addition, the complex 1 also behaved as a red-shifted, HPO 4 2À ion-selective chemosensor at the l em of 595 nm based on a displacement approach in dimethyl sulphoxide.
Introduction
Designing highly sensitive and specic sensors for ionic species is of great interest because of biological and environmental applications of these sensors.
1-3 These ions are vital because of their sustainable role in the biological processes of living beings. Zinc ion (Zn 2+ ) is the second most abundant metal ion in the human body, and the cellular biochemistry of Zn 2+ is diverse and far ranging. 4 Moreover, misregulation of Zn 2+ is also implicated in human health disorders. It is believed that lack of zinc ions can result in an increased risk of several disorders, such as stunted growth, mental retardation, and digestive dysfunction, because majority of biological zinc ions are tightly sequestered by proteins. 5 Additionally, the presence of excess free zinc in certain cells may be related to severe neurological disorders such as Alzheimer's and Parkinson's disease. 6a,b Therefore, it is necessary to obtain insight into the vital roles of Zn 2+ ions in biological processes, resulting in great demand for the design and development of efficient systems that can selectively and sensitively detect Zn 2+ in living systems. Several analytical methods including UV-vis-spectroscopy, 6c potentiometry, 6d and ame atomic absorption spectrometry 6e have played a vital role in the detection of Zn
2+
. A variety of uores-cent sensors for Zn 2+ have been reported based on various u-orophores, 7-9 and continuous efforts have been dedicated to improve the effectiveness of Zn 2+ sensors.
The development of selective receptors for phosphate anions and derivatives, such as HPO 4
2À
, H 2 PO 4 À , pyrophosphate (PPi, P 2 O 7 4À ), adenosine triphosphate (ATP), adenosine diphosphate (ADP), CTP 3 , IP 3 , and phosphoproteins, 10 has been of particular interest because of the vital roles that these chemical species play in a range of life processes. These processes involve essential events such as energy storage, signal transduction, and gene construction. Especially, PPi is a biologically important target because it is the product of ATP hydrolysis under cellular conditions.
11 Similarly, ATP is also a very important sensing target because it is known as a universal energy source and is also involved in many enzymatic reactions inside living organisms.
11 Therefore, the development of a quick and sensitive method for phosphate anion detection is of great importance. Due to high sensitivity, rapid response rate, and the relatively low-cost of uorescence systems, signicant attention has also been paid to developing uorescent chemosensors capable of recognizing and sensing both cations and anions.
13 In most cases, enhancement or the turn-on of uorescence towards one species and the resulting complex acting as a quencher or turnoff for another species at the same emission wavelength, or vice versa, have been reported.
14 In some cases, a change in solvent has played a key role in evaluating a sensor for two ions at different emission wavelengths.
15 Herein, an organic moiety selectively sensed Zn 2+ ions with green uorescence (l em : 520 nm) at a concentration as low as 27.80 nM, and the resulting zinc(II) complex (1) effectively detected HPO 4 2À ions with red uorescence (l em : 595 nm) in the same solvent, DMSO, on excitation at the same wavelength (l ex : 440 nm). To the best of our knowledge, to date, this type of an organic moiety and the resulting zinc(II) complex have not been explored as sensors based on the enhancement of uorescence at different emission wavelengths through a signicant amount of a red-shi of ca. 75 nm.
Herein, we present a new uorescent and colorimetric chemosensor, 4-methyl-2,6-bis- 
Experimental
Synthesis of 4-methyl-2,6-bis-
A solution of 3-amino-5-phenylpyrazole (1.59 g, 10.0 mmol) in absolute methanol (10 mL) was added dropwise to a stirred solution of 2,6-diformyl-4-methyl-phenol (0.82 g, 5.0 mmol) in the same solvent (20 mL 
X-ray crystallography
Data collection of compound 1 was performed at the X-ray diffraction beamline (XRD1) of the Elettra Sincrotrone Trieste (Italy), with a Pilatus 2M image plate detector. The complete dataset was obtained at 100 K (nitrogen stream supplied by an Oxford Cryostream 700) with a monochromatic wavelength of 0.700Å through the rotating crystal method. The crystals were dipped in N-paratone and mounted on the goniometer head with a nylon loop. The diffraction data were indexed, integrated, and scaled using XDS. 16 The structure was solved by direct methods using SIR2014
17 and subsequent Fourier analysis, and renement with the full-matrix least-squares method based on F 2 was performed with SHELXL. 18 Anisotropic thermal motion was allowed for all the non-H atoms. Hydrogen atoms were placed at the calculated positions, except those of the coordinated water molecules. The void in the unit cell (18.5%) was taken into account using the Squeeze program (Platon) since the solvent molecules could not be suitably modelled and rened. Graphics were drawn using the Cameron program.
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The dinuclear zinc(II) complex (1) crystallized in the monoclinic space group Pc. Crystal data and details are tabulated in Table  S1 , † and some selected bond distances and angles are listed in Table S2 . †
General method of UV-vis and uorescence titration
For UV-vis and uorescence titrations, stock solutions of L 0 H and dinuclear zinc(II) complex (1) were prepared in DMSO and a stock solution of Zn 2+ and HPO 4 2À was prepared in HPLC water at 25 C. Fluorescence measurements were carried out using a 2.5 nm x 2.5 nm slit width. To the 100 mL (5 mM) stock solution of L 0 H, 0-300 mL (0-15 mM) Zn 2+ solution was gradually added, and the total volume was adjusted to 2.0 mL by adding the required amount of DMSO to obtain the absorbance and uorescence spectra. Similarly, a HPO 4 2À solution (0-150 mL) (0-75 mM) was gradually added to the 50 mL (25 mM) stock solution of the dinuclear zinc(II) complex (1), and the total volume was adjusted to 2 mL by the addition of DMSO. All the spectral data were acquired aer 10 minutes of mixing to obtain the optimized spectra.
Result and discussion

Synthesis and structural characterisation
The organic moiety 4-methyl-2,6-bis-[(5-phenyl-1H-pyrazol-3-ylimino)-methyl]-phenol (L 0 H) was synthesized by condensing a methanolic solution of 3-amino-5-phenylpyrazole with 2,6-diformyl-4-methyl-phenol in a 2 : 1 ratio (Scheme 1). (Fig. S2 †) . The IR spectrum of L 0 H showed the characteristic stretching of O-H, N-H, and C]N bonds (Fig. S3 †) , and the characteristic peaks were observed in the 13 C NMR spectrum (Fig. S4 †) .
The dinuclear zinc(II) complex (1) Fig. S5 †) , IR spectrum (Fig. S6 †) , and 1 H NMR spectrum (Fig. S7 †) of the dinuclear zinc(II) complex (1) support the formulation and the structure established by single crystal X-ray crystallographic analysis. Of the two zinc ions, Zn1 exhibited an octahedral coordination sphere realized through two phenolato oxygen and two imine nitrogen atoms, completing its coordination geometry with two aqua ligands. Zn2 presented a highly distorted octahedral environment by being chelated by two oxygen and two imine nitrogen donors (Fig. 1 ). (Fig. 2) . To verify the potential of the probe L 0 H in the intracellular atmosphere, another inspection of the probe was carried out to check the interferences of other competitive ions. Metal ion selectivity assays were performed without changing other experimental conditions. On the addition of an excess of 10
Scheme 1 Synthetic strategy of L 0 H and Zn 2 L-complex (1). (0-15 mM), the uorescence intensity steadily and signicantly increased by about $11-fold at 520 nm (Fig. 3) . This spectral characteristic for the addition of Zn 2+ ions was supported by the shi from colourless to uorescent green. To check the saturation time of the resulting emission, the time-dependent prole for the uorescent detection of Zn 2+ ions (Fig. S8 †) was also obtained under the same conditions, and it was determined to be 15 min. From the uorimetric titration curve, a plot of the uorescence intensity vs. concentration of Zn 2+ ions is depicted in Fig. S9 . † The emission intensity increased due to addition of Zn 2+ ions (0-15 mM) to the solution of L 0 H (5 mM) with an enhancement of the uorescence quantum yield 20 by ca. three times (F ¼ 0.157) in DMSO, which was calculated by integrating the area under the uorescence curves using the following equation:
where A is the area under the uorescence spectral curve, OD is the optical density of the compound at the excitation wavelength 440 nm, and h is the refractive index of the solvent used. The standard used for the measurement of uorescence quantum yield was uorescein (F ¼ 0.79 in a 0.1 M NaOH solution).
Selectivity
The selectivity study of the organic moiety ] ions. From a Job's plot analysis (Fig. S12 †) , it was revealed that the maximum emission was at 2 : 1 ratio. These data indicate that the complex species in solution should form a 2 : 1 complex with Zn 2+ ions, in accordance with the single crystal observations.
Effect of pH
A pH study was performed for the probe L 0 H in the absence and presence of Zn 2+ ions over the pH range of 4.0-11.0 (Fig. S13 †) .
Detection limit calculation
The detection limit was calculated from the calibration curve based on the uorescence enhancement at 520 nm (Fig. 4) focusing on the lower concentration region of Zn 2+ ions. From the slope of the curve (S) and the standard deviation of seven replicate measurements of the zero level (s zero ), the detection limit was estimated using the equation 3s/S. 21 The data obtained from this graph indicated that this probe can effectively detect Zn 2+ ion at very low concentrations up to 27.80 nM.
Spectroscopic studies of dinuclear zinc(II) complex (1) Absorption study. The UV-vis absorption spectrum of 1, obtained in the DMSO solution, exhibited intense absorptionbands at the energy levels at 440 nm due to metal-to-ligand charge-transfer (MLCT) transitions. To nd the binding affinity of 1 towards HPO 4 2À , the spectral changes by the To examine the efficacy of the resulting dinuclear zinc(II) complex (1), herein, the rupture of the dinuclear zinc(II) complex (1) (Fig. S16 †) . In the uorescence spectrum, upon addition of HPO 4 2À ions, the emission band at 520 nm was quenched, and a new red-shied band at 595 nm appeared. This result indicated the weakening of the existing dinuclear zinc(II) complex (1) (Fig. S16 †) . The detection limit was calculated from the calibration curve based on the uorescence enhancement at 595 nm (Fig. S17 †) focusing on the lower concentration region of HPO 4 2À anions.
From the slope of the curve (S) and the standard deviation of seven replicate measurements of the zero level (s zero ), the detection limit was estimated using the equation 3s/S. 21 The data obtained from this graph indicates that this probe can effectively detect HPO 4 2À anions at very low concentrations up to 3.12 Â 10
The emission spectra of L 0 H, L 0 H + Zn 2+ ion (1), and 1 + HPO 4 2À ions were also obtained with the increasing solvent polarity, as shown in Fig. S18 . † From this study, it was revealed that the polarity of the solvent had almost no effect on the emission wavelength (l em ) but had an effect on the emission intensity, which was highest in DMSO in both cases. The turn on green uorescence (l em ¼ 520 nm) was due to the formation of a new dinuclear zinc(II) complex (1), which was based on chelation-enhanced uorescence (CHEF) process, and 5, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, and 75 mM) The displacement mechanistic pathway in the complex (1) by hydrogen phosphate anion was established by UV-vis and uorescence spectra (Fig. S19 †) , ESI mass spectra (Fig. S20 †) , and 1 H NMR spectra (Fig. S21 †) . We obtained a new absorption peak at ca. 495 nm due to the addition of HPO 4 2À anions to the zinc(II) complex (1); moreover, a similar type of peak was obtained at ca. 495 nm in the case of L 0 H in the presence of a base, a signature of the anionic species L 0 (viz. Fig. S13 †) formed with a high uorescence quantum yield (F ¼ 0.300). The ndings from these studies indicate that the appearance of the red uorescence (l em ¼ 595 nm) of 1 upon the gradual addition of HPO 4 2À anions was due to the formation of a deprotonated form of L 0 H. On the basis of these spectroscopic observations, a plausible sensing pathway is shown in Scheme 2.
TCSPC experiment
To strengthen the proposed mechanism, the uorescence average life time measurement of 1 was performed, and it was found to be 0.56 ns at l em ¼ 595 nm. The average lifetime of the formed species, due to the addition of HPO 4 2À ions to the solution of 1, increased to 2.25 ns at l em ¼ 595 nm (viz. 1 : HPO 4
2À
; 1 : 1 in Fig. 7 ). According to the equations: 22 s À1 ¼ k r + k nr and k r ¼ F f /s, the radiative rate constant k r and total nonradiative rate constant k nr of dinuclear zinc(II) complex (1) in the absence and presence of HPO 4 2À ions are listed in Table   S3 . † The data suggests that the k r /k nr ratio was reasonably enhanced due to the reasonable decrease of k nr in support of the increased in uorescence in the presence of HPO 4 2À ions at l em ¼ 595 nm.
Conclusions
A new non-uorescent Schiff base-type organic probe (L 0 H) was synthesized and spectroscopically characterised. L 0 H selectively sensed Zn 2+ ions based on a chelation-enhanced uorescence (CHEF) process at a l em of 520 nm (green uorescence) through the formation of a new dinuclear zinc(II) complex (1) with almost no interference of competitive ions. A red-colored solid dinuclear zinc(II) complex of a new in situ formed macrocyclictype ligand (L), formulated as Zn 2 L, (1) was isolated from the reaction mixture of L 0 H with Zn 2+ ions and was characterized by spectroscopic tools along with detailed structural analyses using single crystal X-ray crystallography. Interestingly, complex (1) also selectively sensed HPO 4 2À anions with a red uores-cence (l em : 595 nm) in the same solvent, DMSO, on excitation at the same wavelength (l ex : 440 nm). Fig. 7 Time-resolved fluorescence decay of dinuclear zinc(II) complex (1) and 1 in the presence of HPO 4 2À ions (at l em ¼ 595 nm) in DMSO using a nano-LED at 470 nm as the light source.
